Neat cellulose acetate (CA) and CA/polysulfone (PSf) blend ultrafiltration membranes in the presence of polyvinylpyrrolidone as a pore former were prepared via a phase inversion technique. The Prepared blend membranes were able to remove heavy metals from water in the following order:
INTRODUCTION
Nowadays, membrane separation technique has become one of the most developing technologies that have been generally operated in different industries such as pharmaceutical, food and chemical companies (Eren et al. ) . Ultrafiltration (UF) process, which is employed to separate micro-solutes from macromolecules and to treat wastewater, has been applied to different industries such as metallurgical, pharmaceuticals, beverages, potable water, dairy, and electrocoating paint mixtures (Han et al. ) . Cellulose acetate (CA) is one of the primary polymer membranes that have been utilized for aqueous based separation, i.e. UF techniques and reverse osmosis (Qin et al. ) . An important point of preference of UF is its capacity to perform two tasks in one stage, i.e. concentration and separation. Similar size molecules cannot be separated by UF; however, it can separate molecules that differ by at least an order of magnitude in size. The hydrophilicity, porosity and surface roughness as well as mechanical strength of UF membrane play an important role in membrane separation process (Padaki et al. a) . Being hydrophilic, CA offers a good fouling resistance (Idris & Yet ) . However, CA is not appropriate for aggressive cleaning due to its low oxidation and chemical resistances and poor mechanical strength, and thus the modification of CA becomes important for such a situation (Arthanareeswaran et al. ) . In contrast, polysulfone (PSf) has high strength, rigidity, creep resistance and dimensional stability due to its replicating phenylene rings and is broadly utilized in membrane applications (Padaki et al. b) . However, the utilization of PSf in the aqueous phase is limited because of its hydrophobicity, but can be improved by modification through blending (Sajitha & The polymer blending is a proven way to acquire new materials with widely differing qualities of properties intermediate between those of pure components along with economic advantages (Arthanareeswaran et al. ; Kalaiselvi et al. ; Kumar et al. ) . The blend membranes have better permeability and selectivity over those of the membrane prepared from the individual polymers. Synthesis of a polymer blend membrane is motivated by the necessity to superimpose requisite properties upon the basic transport properties of the base polymer. Thus, the hydrophilic-hydrophobic balance, as well as properties of a membrane system, can be effectively changed if the membrane is prepared from multicomponent polymer blends. Polyacrylonitrile with polyvinyl chloride (PVC), CA and PSf miscible pairs exemplify the use of polymer blend membrane comprising hydrophobic and hydrophilic polymers. Hence, an attempt has been made to blend PSf with a hydrophilic polymer in order to incorporate the hydrophilicity and to increase the performance of PSf membrane (Arthanareeswaran et al. ) .
It is shown in several kinds of literature that CA/PSf and polyethersulfone (PES) blend membranes have been prepared and applied for heavy metals removal from water (Mahendran et 
Preparation of membranes
The casting solutions (18 wt.%) were prepared by blending of CA and PSf polymers with different compositions in presence of PVP as a pore former in NMP under constant stirring for 24 h at room temperature. Phase inversion technique was applied for membrane preparation. Based on this method, the solution was cast on a glass plate by a Doctor blade with a thickness of 80 μm. The wet film was immersed into a coagulation bath containing distilled water for 24 h at room temperature. At the final stage, the membranes were dried at room temperature for a day. The composition of prepared membranes and their designations are listed in Table 1 .
Removal of heavy metal ions
Heavy metals removal was carried out with 50 mg/L single aqueous solution of Pb 2þ , Cd 2þ , Zn 2þ and Ni 2þ at solution pH of 5.0. All experiments were carried out three times at room temperature (25 ± 2 • C) in a batch type and deadend UF cell (Merck) with an effective membrane filtration area of 13.8 cm 2 . In this work, the collection time was recorded for 50 cm 3 of the permeate solution and then the permeate flux, heavy metals rejection and morphology of each membrane were analyzed. Figure 1 shows the schematic diagram of the dead-end UF system used in this experiment (Moradihamedani & Abdullah ) .
The performance of the membrane in the removal process was evaluated based on the flux measurement and the rejection percentage. The flux of feed solution was measured at feed pressure range of 1 to 3 bar. The following equation was used for calculation of the feed flux:
where J w is the flux (L/m 2 .h), Q is the amount of collected permeate (L), A is the effective membrane area in cm 2 and
Δt is the sampling time (h). The metal ion rejection of prepared membranes was calculated using the following equation:
where C p and C f are the heavy metal concentrations in permeate and the feed, respectively (Moradihamedani & Abdullah ).
Characterization of the membrane
The surface functional groups of the neat CA and CA/PSf blend membranes were analyzed by Fourier transform infrared spectroscopy (Series 100 PerkinElmer FT-IR 1650) in the scanning range of 280-4,000 cm À1 , while the morphology of the membranes was observed using the scanning electron microscope (Philips XL-30). The membrane water content was measured by soaking the membrane in water for 24 h and weighing it after wiping off the excess water with tissue paper. The membranes were dried in an oven at 40 W C for 24 h and weighted. Based on wet and dry weights of the membranes, the water content was calculated using the following equation:
where W w and W d are the weights of wet and dry membranes, respectively. The porosity of prepared membranes was calculated using the following formula:
where W w is the weight of wet membrane, W d is the weight of dry membrane, d is the density of water (g/cm 3 ), A is the membrane effective area (cm 2 ) and L is the thickness of membrane (cm) (Moradihamedani & Abdullah ) .
Tensile strength and elongation at break were measured using an Instron 4301 universal testing machine at a crosshead speed of 5 mm/min, according to the ASTM Standard Method D638-5. The dumbbell-shaped samples were cut utilizing a pressure driven cutter. The average was calculated from five measurements of tensile strength.
RESULTS AND DISCUSSION
The permeability of the prepared membranes at a pressure range of 1-3 bar was evaluated in term of flux. The variation The values in brackets are variance of three experimental determinations. The water content and porosity of the prepared membranes are reported in Table 4 . The membrane water content and porosity increased as the PSf concentration in blend compositions was increased, with CA/PSf (60/40) exhibiting the highest water content (80.5) and porosity (78.3%). Since the development of pores is due to the PSf coagulation with water, membranes with higher PSf content will have bigger pore size, resulting in higher water content and porosity in membrane structure (Sivakumar et al. ) . The mechanical properties of the prepared UF membranes were another important concern toward the functional application. The mechanical stability of the prepared membrane, which includes tensile strength and elongation at break, was evaluated and the results are recorded in Table 5 . The tensile strength and the elongation at break of the prepared membrane diminished gradually with increasing PSf content in the casting solution up to 20%. A crucial reduction of mechanical property was observed for CA/PSf (70/30) and CA/PSf (60/40). This may be attributed to the arrangement of macrovoids and cavities in the membrane structure at PSf contents of 30% and above.
Fourier transform infrared (FTIR) was utilized to determine specific functional groups and chemical bonds that exist in a material. The FTIR spectrums of neat CA, CA/ PSf (80/20) and CA/PSf (60/40) are shown in Figure 2 . A broad transmittance band around 3,500 cm À1 and 2,700-2,900 cm À1 was assigned to OH and CH 2 groups (CH stretching) in CA, respectively (Pielesz & Binias ; Kamal et al. ) . The characteristic bands at 1,065 cm
À1
were noted for C-O-C (ether linkage) from the glycosidic units in CA (Pielesz & Binias ) . The asymmetric and symmetric stretching mode of sulfonate group (-SO 2 -) in PSf caused two small peaks in CA/PSf spectrums at approximately 1,290 and 1,320 cm À1 (Moradihamedani et al. a, b) . The impact of CA/PSf blend on the membrane morphology was evaluated via cross-sectional scanning electron microscopy (SEM) images of the membranes as displayed in Figure 3 . The neat CA membrane (Figure 3(a) ) exhibits a typical asymmetric structure, which comprises a thick top layer and a dense sub-layer. The dense sublayer consists of sponge pores and shallow tear-like pores within the polymer matrix. The prepared membranes containing PSf (Figure 3(b)-3(d) ) demonstrate significant changes in the top layer and sub-layer morphology. These membranes have thin top layer and finger-like pores in the support layer. The porosity of walls and the size of finger-like pores increased in higher PSf concentrations. The SEM image of the CA/ PSf (70/30) and CA/PSf (60/40) (Figure 3(c) and 3(d) ) showed the presence of long and deep finger-like pores starting from the top to the bottom layer. This phenomenon clearly reveals that higher PSf loadings in the casting solution will not only increase the number of pores but the size of the pore as well. Muthusamy et al. (Sivakumar et al. ) have also reported a similar observation on the morphology variation.
SEM with an energy dispersive X-ray (SEM-EDX) can provide spatial and composition distribution of elements in solid materials. Heavy elements (high atomic number) backscatter electrons more strongly than light elements, and thus appear brighter in SEM-EDX images (Casuccio et (Figure 4(a)-4(c) ). This phenomenon reveals that the metal ions rejection in membrane UF process happened through the sieving mechanism, which is related to the pore size and solute size (Sivakumar et al. ) .
The effect of PVP concentration enhancement in the casting solution, from 2 to 8 wt.%, on the permeate flux of the neat CA and CA/PSf (80/20) blend membranes at 3 bar feed pressure is shown in Figure 5 . The permeate flux increased gradually with increasing PVP concentration in the casting solution. Since PVP acts as a pore former, higher PVP concentration in the blend may lead to the formation of larger pores in the membranes. Moreover, the coagulation of PSf with water also develops the pore size of the membrane. By increasing both PSf and PVP concentrations simultaneously, the repulsive forces between polymer segments along with the leachability of PVP are increased. This phenomenon boosts the formation of large size pores (macrovoids) resulting in higher permeate flux and water content of the CA/PSf membrane (Sivakumar et al. ). The variation in CA/PSf (80/20) membrane morphology containing 2 and 8 wt.% of PVP is illustrated in Figure 6 . As provided in these SEM micrographs, the membrane containing 2 wt.% of PVP (Figure 6(a) ) has smaller pores compared with that prepared in presence of 8 wt.% of PVP (Figure 6(b) ). Thus, a higher PVP concentration in blend polymer incorporates a higher number of pores as well as the bigger pore size in CA/PSf membrane.
The effects of PVP concentration on water content, porosity and mechanical properties of CA/PSf (80/20) membrane are provided in Table 6 . By increasing the PVP concentration from 2 to 8 wt.%, the water content and porosity were increased from 58.1 to 76.5 and 57.6 to 73.5%, respectively. The tensile strength and elongation at break of CA/PSf (80/20) with 2 wt.% of PVP in casting solution were 3.60 and 12.80%, respectively. These numbers diminished significantly in higher PVP concentrations in casting solution. These phenomena might be attributed to the formation of macrovoids and cavities in the membrane structure at PVP content of 4 wt.% and above. Table 7 shows the rejection of heavy metals as a function of different concentrations of PVP in CA/PSf (80/20) blend membrane. It is evident that rejection of Pb 2þ decreased from 98% to 54% with increase in PVP content in casting solution from 2 to 8 wt.%. Other heavy metals also exhibited a similar trend and their percent rejections decreased significantly in higher pore former (PVP) loadings. This may be due to the fact that the rejection mechanism in the UF of heavy metals is based on sieving mechanism, which is related to the pore size and solute size.
In Table 8 
CONCLUSIONS
Neat CA and CA/PSf blend UF membranes were successfully prepared using phase inversion method. The higher amount of PSf in casting solution enhanced the membrane hydrophilicity and porosity, resulting in the increase in permeate flux. The mechanical properties of CA/PSf membranes are decreased in higher PSf loading, and this reduction was intense for PSf content of 30% and above. 
